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(54) Pilot operated valve for breathing apparatus 

(57) A pilot operated valve includes a valve body, a main valve having a main valve member 1 3 controlling 
fluid communication between an inlet port and an outlet port 3, a pilot valve 2 including a vent passage 10 
sensing downstream pressure to open and close the main valve member 13 as the sensed pressure Is 
above or below a predetermined pressure, and selectively operable override means 16—19 to suspend pilot 
operation of the valve. The override means may be means to occlude the vent passage and thus close the 
main valve, means to open the vent passage to atmosphere and thus open the main valve, or means to 
bypass the main valve. 
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The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy. 
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SPECIFICATION 

Pilot operated valves 

5 This invention relates to pilot operated valves 
in general where downstream pressure is 
sensed and a valve opened or closed in ac- 
cordance with the sensed pressure. The in- 
vention relates particularly to demand valves 

10 for breathing apparatus, whereby breathable 
gas is supplied automatically to the wearer in 
accordance with his respiratory requirements. 
A first aspect of the invention is concerned 
with demand valves of the positive pressure 

15 type which continually maintain a pressure 
within a facepiece or helmet which Is sUghtiy 
greater than that of the surrounding atmos- 
phere, so as to prevent inward leakage. 
In such demand valves, flow of gas to the 

20 wearer is controlled by movement of a sensi- 
tive diaphragm having one face exposed to 
atmospheric pressure, and the other face to 
pressure within the facepiece. The present in- 
vention provides control means for such 

25 valves allowing manual override and automatic 
shut-off of the supply of gas. 

Valves of the Pilot or Two Stage type are 
sometimes used, wherein mechanical advan- 
tage is obtained by gas pressures. Such 

30 valves generally employ pivQted levers as a 
means of transmitting diaphragm movement to 
the valve, often because the direction of dia- 
phragm movement is inconvenient and has to 
be reversed. 

35 In known demand valves, the positive pres- 
sure is usually established by biassing the dia- 
phragm with a spring. 

A first aspect of the present invention con- 
cerns a demand valve described in UK Patent 

40 Application No 87.09604, the demand valve 
comprising a housing defining first and second 
chambers separated by a diaphragm, the first 
chamber being vented to atmosphere and in- 
cluding fulcrum means to define an eccentric 

45 pivot axis for a rigid central part of the dia- 
phragm, the second chamber including a pilot 
jet facing the diaphragm and closeable thereby 
at a position on the side of the pivot axis 
remote from the centroid of the rigid portion 

50 of the diaphragm, and a vent passage having 
an outlet at the outlet of the demand valve, 
the housing further defining a third chamber 
communicating with the pilot jet and partially 
defined by a valve member adapted to deny 

55 access from a high pressure supply port to an 
outlet port, high pressure being supplied to 
the third chamber via an orifice, such that 
while a predetermined back pressure is applied 
to the outlet of the vent passage, the rigid 

60 portion of the diaphragm is held in a position 
to close the pilot jet and the valve member is 
held in its closed position by the high pres- 
sure supplied to the third chamber via the ori- 
fice, and that when the back pressure is re- 

65 duced the pilot jet is opened, the pressure in 



the third chamber reduces and the valve mem- 
ber moves to permit access from the supply 
port to the outlet. 

It is advantageous for demand valves of 

70 breathing apparatus to be detachable from the 
facepiece, for procedural and testing purposes. 
To this end, the invention provides an auto- 
matic shut-off of the demand valve when the 
demand valve is removed from the facepiece. 

75 According to a first aspect of the invention, 
a pilot operated valve has a housing including 
an inlet port and an outlet port, and a valve 
member which selectively allows or prevents 
fluid communication between the inlet and 

80 outlet ports in response to predetermined 

pressure levels sensed at a vent passage, and 
further includes means operable selectively to 
override the pilot operation of the valve by 
varying the pressure level at the vent passage. 

85 The pressure level at the vent passage may 
be varied either by occluding the vent pas- 
sage, or by providing fluid communication be- 
tween the vent passage and the atmosphere. • 
A demand valve for mounting to a facepiece 

90 of a breathing apparatus may include an oc- 
cluding member biassed towards a first posi- 
tion in which it occludes the vent passage, 
the occluding member including abutment 
means cooperating with complementary abut- 

95 ment means on the facepiece so that when 
the demand valve is mounted to the facepiece 
the occluding member is urged out of its first 
position and the vent passage communicates 
with the interior of the facepiece. 
100 As an alternative, a manually operated cut- 
out control, may be provided in which the 
vent passage may be selectively either opened 
to atmosphere or occluded by a manually op- 
erated valve. 

105 In yet another embodiment, an occluding ar- 
rangement may be provided on which the vent 
passage is occluded by means sensitive to a 
reduced downstream pressure and acting to 
open the vent passage when such a pressure 

110 is sensed. In such a device, the vent passage 
is manually occluded, remaining thus until the 
commencement of respiration automatically re- 
opens said passage. 

Yet another aspect of the invention provides 

115 an override control for a valve including a 

body having an inlet port and a coplanar out- 
let port and a valve member overlying both 
ports in the closed position of the valve and 
being held away from the ports in th open 

120 position of the valve. 

An override control for such a valve com- 
prises a tubular member having lateral open- 
ings at one end, the tubular member being 
axially movably received in the inlet port for 

125 movement between a first position where the 
one end of the tubular member is out of con- 
tact with the valve member, and a second 
position wherein the tubular member extends 
through the inlet port to contact the valve 

130 member with its one end, the valve member 
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being urged away from the inlet and outlet 
ports by the tubular memb r and fluid com- 
munication between the inlet and outlet ports 
being established via the lumen of the tubular 
5 member and the lateral openings. 

An alternative override control may be pro- 
vided by bypassing the valve member via a 
passageway in the valve body communicating 
with the valve outlet which may cooperate 

10 with a second passageway communicating 
with the gas supply when two relatively mov- 
able parts of the valve are in a registering 
configuration. 

Examples of pilot valves^ illustrating each as- 

15 pect of the invention will now be described in 
detail with reference to the accompanying 
drawings^ in which:- 

Figures 1,2 and 3 shpw a pilot valve embo- 
dying the first aspect of the invention, in sec- 

20 tioned elevation in Figure 1 and in part-section 
in Figures 2 and 3; 

Figure 4 is a part sectional view similar to 
Figures 2 and 3, showing, an alternative over- 
ride arrangement; 

25 Figure 5 showis a partial sectional view, il- 
lustrating another alternative override arrange- 
ment; and 

Figures 6 and 7 show yet another altema- 
tive override arrangement for the pilot valve, 
30 with the vent passage occluded and open, re- 
spectively. 

Figures 8 and 9 show a pilot operated valve 
including a first bypass arrangement, respe- 
cively in the inoperative and operative posi- 
35 tions; 

Figures 10 and 1 1 show a pilot operated 
valve including a second bypass arrangement, 
respectively in the inoperative and operative 
positions; and 

40 Figures 12 and 13 are partial sections of a 
pilot valve including a third bypass arrange^ 
ment, respectively in the inoperative and oper- 
ative positions. 
Referring now to Figures 1 to. 3, there is 

45 provided a pilot operated valve, suitable for 
use as a demand valve, which is of small size 
and wherein a diaphragm regulates the flow of 
gas from a small pilot jet which In turn regu- 
lates the flow of gas from a larger jet to a 

50 facepiece. 

The demand valve comprises a housing 1 
which incorporates a pilot jet 2 and an outlet 
port 3 for connection to a facepiece 4. A 
diaphragm 5 of flexible and resilient material, 

55 supported over the greater part of its area by 
a rigid backing plate 6, is clamped in a leak- 
tight manner to* the housing by a cover 7 
secured to the housing 1 by means of screws 
or a suitable clip arrangement. The cover is 

60 vented to atmosphere by one or more ports 8 
and bears two internal projections 9 which act 
as fulcrum points about which the diaphragm 
5 can tilt, A vent passage 10 connects the 
area under the diaphragm to the interior of the 

65 facepiece 4, by which means not only is pres- 



sure within the facepiece 4 transmitted to the 
diaphragm 5, but also the small flow of gas 
from the pilot jet 2 when open is freely al- 
lowed to escape to the interior of the facep- 

70 iece. 

Movement of the diaphragm 5 towards or 
away from the pilot jet 2, in response to 
pressure changes within the facepiece, regu- 
lates the escape of gas from a control pres- 
75 sure chamber 1 1 respectively raising or lower- 
ing the pressure in said chamber. This control 
pressure results from a small flow of gas into 
the chamber 11 through a metering orifice 12 
in a resilient disc 13. The relative proportions 
80 of the metering orifice 1 2 and the pilot jet 2 
are so arranged that when the diaphragm 5 is 
almost touching the pilot jet 2 there will be 
sufficient pressure in the control chamber 1 1 
to force the resilient disc 13 against the face 
85 of main jet 1 4, obstructing a plurality of ports 
15 in said face such that escape of gas from 
the main jet 14 to the outlet 3 is prevented. 

Movement of the diaphragm away from the 
pilot jet 2 will cause pressure in the control 
90 pressure chamber 1 1 to fall, such that the 
resilient disc 1 3 will bow away from the face 
of the main jet 14 under the influence of gas 
supply pressure, whereupon gas can escape 
through the ports 15 thus uncovered and pass 
95 to the facepiece via the outlet port 3. 

To provide such a demand valve with an 
automatic cut-off when it is detached from the 
facepiece 4, there is provided a closure 16 
preferably of resilient material, mounted on a 

100 lever 17 and biased by a spring 18 into a 
positiion to close the vent passage 10. The 
lever 17 includes a finger 19 which extends 
toward an abutrnent 20 on the facepiece, so 
that when locking ring 21 is tightened the 

105 closure 16 is held away from the vent pas- 
sage 10, and the diaphragm 5 experiences on 
its underside the pressure within the facep- 
iece, opening the main valve 13 when the 
facepiece pressure falls. When the demand 

110 valve is removed from facepiece 4, the clo- 
sure 16 blocks vent passage 10, and the 
pressure built up beneath the diaphragm 
closes the pilot jet 2, thus closing the main 
valve 13 as described. 

115 Figure 2 shows a part section of a demand 
valve such as that of Figure 1, with an alter- 
native arrangement for closing the vent pas- 
sage 10 when the valve is disconnected from 
a facepiece 4. Spring 22 urges the head 23 of 

120 the rod 24 to close the upper end of vent 
passage 10 when the heel 25 of the rod is 
not urged upward by engagement with an 
abutment such as 20 on the facepiece 4. 
Figure 3 shows a manual cut-off arrange- 

125 ment, in which rotation of a knuried knob 26 
closes the vent passage 10 by moving the 
transverse bore 27 of the shaft 28 out of 
registry with vent passage 10. 
Referring now to Figure 4, there is shown a 

130 valve 29 biased by a spring 30 towards a 
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closed position; pp ning of the valve by d - 
pressing the heel 31 of the lever 32 will 
cause the vent passage 10 to be opened to 
atmosphere via the aperture 33. This causes 
5 the main valve 14 to open since the pilot 
diaphragm 5 senses a "loss" of back pres- 
sure. 

In Figure 5 the vent passage 10 is preceded 
by a cylindncal chamber 34 having a shallow 

10 conical face 35 at its outlet end. A lightweight 
plastics ball 36 within the chamber is caused, 
by positioning the valve in an appropriate (e.g. 
inverted) attitude, to roll into the centre of the 
cone, in which position it occludes the vent 

15 passage 10 whereupon the pressure build up 
under the diaphragm 5 closes the pilot jet 2 
thus closing the main valve 14. The pressure 
built up under the diaphragm 5, being applied 
to the ball, clamps the ball in poshon over the 

20 unpressurised vent passage outlet, regadless 
of subsequent changes in attitude of the 
valve. 

When pressure is applied to the outlet of 
the vent passage, for example by exhaling into 

25 the facepiece, the ball 36 falls away from the 
centre of the conical face 35 and into the 
chamber 34, exposing the vent passage 10, 
thus allowing the diaphragm 5 to respond nor- 
mally to subsequent pressure changes in the 

30 facepiece. 

in Figures 6 and 7, the vent passage 10 
passes through a chamber 37 closed at one 
end by a small resilient diaphragm 38 in which 
a port 39 permits communication between the 

35 vent passage outlet and the area under the 
main diaphragm 5. A plunger 40 projecting 
through the wall of the housing 1 and biased 
outwards by a spring 41 has a circumferential 
groove 42 in which a forked saddle 43 is free 

40 to slide vertically as seen in Figures 6 and 7 
up and down. A spring latch 44 engages in 
the plunger groove 42 when the plunger is 
pushed into the housing, preventing its out- 
ward return. 

45 When thus engaged in the plunger groove 
42, the spring latch 44 pushes the saddle 43 
upwardly, so that its upper surface touches 
the diaphragm 38 and occludes the port 39 
therein. 

50 Communication between the area under the 
main diaphragm 5 and the vent passage 10 is 
thus cut off, and pressure built up under the 
main diaphragm 5 closes the pilot jet 2 thus 
closing the main valve 14. 

55 Inhalation creates a marked reduction of 

pr ssure within the facepiece, causing the dia- 
phragm 38 to be drawn downwardly, pressing 
the saddle 43 against the spring latch 44 and 
disengaging the latter from the groove 42 in 

60 the plunger 40. The plunger then moves out- 
wardly under the influ nee of the spring 41. 
The saddle 43, being located in the plunger 
groove 42, moves outwards with the plunger, 
thus exposing the port 39 in the diaphragm 

65 38 and restoring communication between the 



vent passage 10 and the area under the main 
diaphragm 5. 

Referring now to Figures 8 and 9, the de- 
mand valve is shown without its connections 

70 to the facepiece, since the override arrange- 
ment is not concerned therewith. 

In Figure 8, there is seen a valve member 
13 in its closed position wherein it covers 
inlet port 14 and outlet ports 15 coplanar 

75 with port 14. 

Within inlet port 14 lies a tubular member 
45, having lateral openings 46 at its one end 
and connected to tlie supply gas at its other 
end. As may be seen, a flange 47 on the 

80 tubular member abuts a collar 48 threadedly 
engaging the valve body, to control the axial 
position of the tubular member 45 relative to 
the body. In the normal operating position, 
shown in Figure 8, the one end of the tubular 

85 member 45 lies within the inlet port and the 
valve operates in its usual pilot controlled 
fashion. To override the pilot operation, collar 
48 is turned to urge flange 47 to advance the 
tubular member 45 to the position shown In 

90 Rgure 9, wherein the end of tubular member 
45 abuts and bows the valve member 13 to 
uncover the outlet ports 15. Gas may then 
flow from the supply through the tubular 
member 45, out of the lateral openings 46 

95 and to the outlet ports 15. A preset minimum 
gas flow rate may be achieved by exposing 
the openings 46 only partially, depending on 
the extent to which tubular member 45 pro- 
trudes from the inlet port. Should the back 
100 pressure at the vent passage 10 drop, then 
the pilot diaphragm 5 may open pilot jet 2 to 
increase the gas flow by bowing the valve 
member 13 further. Restoration of the back 
pressure at vent passage 10 will cause the 
105 valve member 13 to resume its position abutt- 
ing the one end of tubular member 45, restor- 
ing the minimum gas flow rate. Collar 48 may 
carry indicia to indicate the minimum flow rate 
for various positons of the tubular member 

110 45. 

Referring now to Figures 10 to 13, two al- 
ternative bypass arrangements to provide an 
override are shown. A cylindrical member 49 
has a central supply passage 50 leading to 

115 one of its ends, where the inlet port 14 of 
the valve is situated. A circumferential groove 
51 about the cylindrical member 49 communi- 
cates with axial outlet ports 1 5 extending 
from the end of cylindrical member 49, and 

120 communicates with outlet aperture 3. The cir- 
cumferential groove 51 is of varying axial ex- 
tent, being stepped as at 52. 

A bypass passage 53 leading radially from 
the supply passage 50 may be brought into 

125 registry with the oirtlet aperture 3 by rotating 
the cylindrical member 49, to provide direct 
fluid communication between the supply and 
outlet aperture 3. Clearly, when the bypass 
passage 53 is not in registry with the outlet 

130 aperture 3, the normal pilot operation of the 
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valve controls the flow. Control of the bypass 
flow may be achieved by varying the overlap 
between the outlet aperture 3 and the bypass 
passage 53. 
5 A similar arrangement is shown in Figures 
12 and 13 in the closed and open positions 
of the bypass respectively. In this arrangement 
a separate bypass outlet 54 is provided to be 
in registry with bypass passage 53 In the 

10 open position. 

It should be understood that although the 
various embodiments described concern de- 
mand valves for breathing apparatus, it is pos- 
sible to control any type of valve having a 

1 5 pilot vent passage by selective opening or 
closing of the vent passage to vary the 
sensed controlling pressure. The invention is 
thus applicable to pilot operated valves in gen- 
eral, and is not restricted to the exemplary 

20 configurations shown. 

CLAIMS 

•1 . A pilot operated valve having a housing 
including an inlet port and an outlet port, and 

25 a valve member which selectively allows or 
prevents fluid communication between the in- 
let and outlet ports in response to predeter- 
mined pressure levels sensed at a vent pas- 
sage, and further including means operable se- 

30 lectlvely to override the pilot operation of the 
valve by varying the pressure level at the vent 
passage. 

2. A valve according to claim 1 , wherein 
the pressure level at the vent passage is 

35 varied by occluding the vent passage. 

3. A valve according to claim T, wherein 
the pressure level at the vent passage is 
varied by opening the vent passage to atmos- 
phere. 

40 4. A valve according to claim 2, which is a 
demand valve for a breathing apparatus and is 
adapted to be detachably mounted to a facep- 
iece of the breathing apparatus, and whererin 
an occluding member is mounted to the hous- 

45 ing for movement between positions in which 
the vent is respectively open or occluded, the 
occluding member being biassed toward its 
vent-occluding positon, and cooperating abut- 
riient surfaces on the occluding member and 

50 the facepiece engage to displace the occluding 
member from its vent-occluding position when 
the valve is attached to the facepiece. 

5. A valve according to claim 4 wherein the 
occluding member is a lever pivotally mounted 

55 to the valve body and biassed toward its 
vent-occluding position by a spring. 

6. A valve according to claim 4 wherein the 
occluding member includes an elongate stem 
having an enlarged head at one end adapted 

60 to occlude the vent, and at its other end an 
abutment surface, axial pressure on the abut- 
ment surface causing the head to be moved 
axially away from the vent against the action 
of a spring. 

65 7. A valve according to claim 2, wherein 



the vent passage passes through a chamber, a 
ball positioned within the chamber being 
capable of occluding the vent passage by 
blocking it at one of its junctions with the 
70 chamber. 

8. A valve according to claim 2, wherein 
the vent passage passes through a chamber 
comprising an entry portion and an exit por- 
tion, a flexible diaphragm extending across the 

-75 chamber to separate the entry and exit por- 
tions, and having an aperture to provide fluid 
communication there between, closure means 
being selectively engageable wrth the aperture 
to occlude the vent passage, said closure 

80 means being resiliently biassed away from its 
aperture-closing position and being maintained 
in that position by a latch means, the latch 
means being releaseable by a movement of 
the flexible diaphragm in the direction towards 

85 the exit portion of the chamber. 

9. A valve according to claim 8, wherein 
the closure means comprises a first sliding 
member mounted to the housing for move- 
ment in a plane parallel to that of the flexible 

90 diaphragm and a second sliding member car- 
ried by the first sliding member for movement 
in directions perpendicular to the plane of the 
flexible diaphragm, latch means engaging the 
first sliding member in the aperture-closing po- 

95 sition being released by movement of the sec- 
ond sliding member in a direction away from 
the flexible diaphragm. 

10. A pilot operated valve having a planar 
flexible valve member, and an inlet port sur- 

100 rounded by a number of openings leading to 
an outlet port, the inlet port and the openings 
being in the same plane and communication 
between the inlet port and the openings being 
prevented by the flexible valve member lying 

105 across the inlet port, the valve further includ- 
ing an override means comprising a tubular 
element situated within the inlet port and axi- 
ally movable through the inlet port in the di- 
rection of the valve member to deform the 

110 valve member and allow fluid communication 
between the inlet port and the openings. 

1 1 . A pilot operated valve according to 
claim 10, wherein the tubular element has ra- 
dially facing openings at its end adjacent the 

115 valve member. 

12. A pilot operated valve having a planar 
flexible valve member, and an inlet port sur- 
rounded by a number of openings leading to 
an outlet port, the inlet port and the openings 

120 being in the same plane and communication 
between the inlet port and the openings being 
prevented by the flexible valve member lying 
across the inlet port, the inlet port and the 
openings being formed in the end face of a 

125 cylindrical insert portion rotatable in the valve 
body, the openings being joined by paraxial 
passages to an annular groove in the insert 
which communicates with the outlet port, the 
insert further having a radial passage which, 

130 by rotation of the insert, may be selectively 
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positioned to provide direct fluid communi- 
cation between the inlet and outlet ports. 

13. A valve substantially as herein described 
and iljustrated in figures 1 ,2,3,4 or 5, figures 
5 6 and 7, figures 8 and 9, figures 10 and 1 1, 
or figures 12 and 13 of the accompanying 
drawings. 
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